WHIM Syndrome Caused by Waldenström's Macroglobulinemia-Associated Mutation CXCR4 (L329fs).
WHIM syndrome is an autosomal dominant immunodeficiency disease caused by mutations affecting the carboxy-terminus of CXCR4. To characterize novel genetic causes of the syndrome, we recruited a pediatric patient with possible WHIM syndrome, performed CXCR4 gene sequencing and compared his clinical phenotype and CXCR4 tail amino acid sequences with other patients with WHIM syndrome carrying CXCR4 (R334X) mutations. We identified and biochemically characterized a heterozygous 5 base pair deletion (nucleotides 986-990) located in the portion of the open reading frame (ORF) of CXCR4 that encodes the carboxy-terminal domain of the receptor. This CXCR4 (L329fs) mutation causes a frame-shift at codon 329 resulting in replacement of the final 24 predicted amino acids of the receptor with 12 missense amino acids. Like previously reported WHIM mutations, this frame-shift mutation CXCR4 (L329fs) decreased receptor downregulation in response to the CXCR4 agonist CXCL12 in patient PBMCs as well as in transfected K562 and HEK 293 cells, but increased calcium flux responses in K562 cells to CXCL12 stimulation. Thus, CXCR4 (L329fs) appears to be a de novo autosomal dominant frame-shift gain-of-function mutation that like other carboxy-terminus mutations causes WHIM syndrome. The same CXCR4 (L329fs) frame-shift variant has been reported to occur in tumor cells from a patient with Waldenström's Macroglobulemia (WM), but is caused by a distinct genetic mechanism: insertion of a single nucleotide in the L329 codon, providing additional evidence that the carboxy-terminus of CXCR4 is a genetic hotspot for mutation.